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(54) Title: MODULAR FLUID SPRAY GUN 

(57) Abstract 

A modular spray gun that can be con- 
figuied and built to operate using a selectable 
spray process. The modular spray gun includes 
a gun body, an extension and a selectable spray 
atomizing component The basic gun body and 
extension are used to configure a spray gun 
that can operate as an air spray gun, an air- 
less spray gun, an AAA gun or an HVLP spray 
gun. The modular extension can be selected 
to allow circulating or non-circulating opera- 
tion. The modular extension also permits a va- 
riety of spray nozzle assemblies to be mounted 
thereon depending on the selected spray process 
to be used wifli the specific gun. The modular 
gun body allows selective connection of an at- 
omizing air supply and additional components 
specific to a particular spray process. An in- 
dicator device and/or a relief valve is provided 
for spray guns using an HVLP spray process to 
provide an indication that the spray gun is in 
compliance with die maximum nozzle air pres- 
sure limit, usually less than 10 psi. A new air 
valve seal assembly is also provided. 




BNSOOCIO: <WO_0023186A^JL> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azeibaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of MoMova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


T^ukey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


us 


United States of America 


CA 


Canada. 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Centra] African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


K£ 


Kenya 


NL 


Netheriands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


C6te dlvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


ICR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czedi Republic 


LC 


Sunt Luda 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Uberia 


SG 


Singapore 







BNSDOCID: <WO_0023196Aa-L> 



wo 00/23196 



PCT/US99/24165 



-1- 

MODULAR FLUID SPRAY GUN 
Technical Field of the Invention 

The present invention relates to fluid spray guns. More particularly, the invention provides a 
modular design for a fluid spray gun which pennits the gun to be configured to operate with a 
selectable spray process such as airless, air assisted airless, air spray and HVLP, with significantly 
reduced inventory requirements and minimal parts changes and assembly labor. 

Background of the Invention 

Fluid spray guns are generally known and are commonly used to spray a wide variety of fluids 
on any number of different types of articles. Spray guns can be used, for example, to spray fluids such 
as paint, lacquer, cleansers, sealants and so forth. Fluid spray guns may be hand operated or automatic 
depending on the specific application system requirements. 

Fluid spray technology includes a number of spraying modes or spraying processes for 
applying a fluid to an object. A fundamental characteristic of all spray processes is that the fluid is 
atomized before it is applied to the object being sprayed. The spray processes differ in the manner by 
which the fluid is atomized, with the goal being a finely atomized spray that is released from the spray 
gun in a well defined spray pattern. The spray pattern can be shaped by the selected atomization 
process as well as by the design of the spray nozzle used with the spray gun. Thus, different spray 
technologies not only use diflerent atomization processes but also may use different nozzle designs. 

A familiar spray process is air spraying which utilizes pressurized air to atomize the fluid at 
the region of the spray nozzle outlet. Air spray guns thus tend to be operated at lower fluid pressures 
such that in the absence of an atomizing air supply the fluid simply runs out the nozzle as a small 
stream. The atomizing air is usually on the order of 10 to 100 psi. Therefore, the spray gun must be 
able to widistand such air pressures. 

In some cases it is desirable or required to operate air spray guns at a reduced air pressure. 
Using lower atomizing air pressure may in some cases reduce fluid bounce back from the object being 
sprayed and thus increase transfer efficiency. Such spraying systems are generally referred to as using 
a high volume low pressure ("HVLP" hereinafter) spray process. In a typical HVLP process, the air 
pressure at ^e no2le is kept to less dian 1 0 psi but ^e spray nozzle is designed to increase the volume 
of air directed at the fluid spray. Thus, HVLP is a variation of air spray technology but utilizes a 
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diiferent spray nozzle design. Spray guns for H VLP operation also require a mechanism by which the 
air pressure at the nozzle can be tested for compliance with the under 10 psi requirement 

In both air spray and HVLP spray processes, the atomization air may not fiilly atomize the 
fluid or may produce an undesired spray pattern. Air spray guns therefore also utilize horn air. Horn 
air is a second source of pressurized air that is applied to an outer region of the atomized fluid spray 
pattern to shape the spray pattern and also to improve atomization of the fluid in the outer regions of 
the spray pattern. 

Another fluid spray process is airless spraying. As suggested by the name, an airless spray 
process does not use high pressure air for primary atomization of the fluid. Rather, the fluid is 
supplied under high pressure to a small orifice in the spray nozzle. The kinetic energy applied to the 
liquid as it passes through the orifice breaks apart the fluid stream into a finely atomized spray, much 
like a garden hose nozzle produces a spray of water. In airless spray apparatus the fluid may be 
pressurized up to 1500 psi or higher although many airless spray guns operate at lower fluid pressures, 
for example 900-1000 psi. An airless spray nozzle is therefore different from an air spray nozzle in 
order to effect a desired spray pattern and adequate atomization. 

Airless spray guns sometimes produce an effect generally known as tailing in which the fluid 
near the outer region of the spray pattern is not atomized to the same extent as in the center region of 
the pattern. This effect can reduce the overall quality of the finished product In order to eliminate 
tailing and to further improve the atomization process, an air assisted airless ("AAA" hereinafter) spray 
process may be used. In such a process, although primary atomization occurs due to high pressure 
fluid passing through the nozzle orifice, atomization air may also be supplied and directed at the spray 
pattern in the region of the nozzle outlet. 

Because each of the above described spraying processes utilizes different atomization and 
nozzle designs, it is not surprising that known spray guns usually only operate with a single spray 
process. Thus, there are airiess spray guns, air spray guns, AAA guns and HVLP guns. For example, 
an airless spray gun does not have the hardware needed for air spray operation. An air spray gun 
typically will not operate as an airless gun. An air assisted airless gun will have air supplied to it, but 
typically will not operate satisfactorily as a true air spray gun. 

Because tiiese guns all use different spray technologies and nozzle designs, a spray gun 
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manufecturer must keep a significant inventory of parts to build each gun type. Spray gun users may 
also need to keep a variety of spare parts to repair such guns. 

It is desired therefore to provide a new spray gun apparatus that can utilize a number of 
different fluid spray technologies using basic shared components that can be easily configured for a 
specific application. It is also desired to provide a simple technique for checking HVLP compliance. 

Summary of the Invention 

To the accomplishment of the foregoing objectives, and in accordance with one embodiment 
of the invention, a significantly different approach is taken for designing a fluid spray gun by providing 
a spray gun that is modular so that the spray gun can be configured and built to operate using a 
selectable spray process. In one embodiment, a modular spray gun includes a gun body, an extension 
and a selectable atomizing component The basic gun bo<fy and extension are used to configure a spray 
gun tiiat can operate as an air spray gun, an airless spray gun, an AAA gun or an HVLP spray gun. The 
modular extension can be selected to allow circulating or non-circulating operation. The modular 
extension also permits a variety of atomizing components to be mounted thereon depending on the 
selected spray process to be used with the specific gun. 

The modular gun body allows selective connection of an atomizing air supply and additional 
components for air management specific to a particular spray process. In one embodiment the modular 
gun body and air management components allow separate air adjustment control for hom air and 
atomizing air depending on the selected spray technology. 

In accordance witii another aspect of the invention, an indicator device is provided for spray 
guns using an HVLP spray process to provide an indication that the spray gun is in compliance with the 
maximum nozzle air pressure limit of less than 10 psi. 

In accordance with yet another aspect of the invention, a new air valve design is provided that 
can be used with the modular air spray guns described herein or with other devices that use air valves. 

Still another aspect of the invention provides an atomizing component that enhances the 
modular features of the present invention in that there is provided a fluid flow element having a nozzle 
oriflce therein, witii the element being made of a lightweight non-metallic material such as plastic, for 
example, and includes a hard insert that is placed in the orifice. In a preferred embodiment the insert is 
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made of carbide and is press fit into the orifice. The carbide insert thus allows a modular gun to be 
configured as an airless spray gun or as an air assisted airless spray gun by selecting the appropriate 
fluid flow element within a modular atomizing component. In accordance with a further aspect of the 
invention, an atomizing component or device is provided with significantly improved atomization for 
H VLP and air spray configured guns. 

In accordance with a further aspect of the invention, a fluid tip and air cap arrangement is 
provided that optimizes atomization using a conical tip contour and a small flat area at the nozzle 
orifice. In the preferred embodiment the cone half angle is thirty degrees. 

These and other aspects and advantages of the present invention will be apparent to those 
skilled in the art fi^m the following description of the preferred embodiments in view of the 
accompanying drawings. 

Brief Description of the Drawiny rs 

The invention may take physical form in certain parts and arrangements of parts, preferred 
embodiments and a method of which will be described in detail in this specification and illustrated in 
the accompanying drawings which form a part hereof, and wherein: 

Fig. 1 is a perspective illustration of an exemplary embodiment of a modular spray gun in 
accordance with the invention, in this example the gun being configured as an air spray gun; 

Fig. 2 is a perspective illustration of an exemplary embodiment of a modular spray gun in 
accordance with the invention but configured as an airless spray gun; 

Fig. 3 is a partially exploded rearward view of the spray gun of Fig. 1; 

Fig. 4 is a partially exploded forward view of the spray gun of Fig. 1; 

Fig. 5 illustrates the air spray gun of Fig. 1 in partial vertical cross-section; 

Fig. 5A illustrates an enlarged view of a fluid tip and air cap in accordance with the invention; 

Fig. 6 is an enlarged view of an air valve piston in accordance with one aspect of the 
invention; 

Fig. 7 is a partial top view in section of the spray gun in Fig. 5 taken along the line 7-7; 
Fig. 8 is a cross-section of a fluid tip suitable for use with a modular spray gun configured to 
operate as an airless spray gun; 

Fig. 9 is a modular spray gun configured to operate as an air assisted airless (AAA) gun; 
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Fig. 9A is a modular spray gun configured to operate as an airless gun; 

Fig. 10 is a partial top view in section of the spray gun of Fig. 9; 

Fig. II is a perspective view of an automatic air spray gun; 

Fig. 12 is a vertical cross-sectional view of the automatic air spray gun of Fig. 1 1 ; 

Fig. 13 is a perspective of a circulating manual air spray gun; 

Figs. 14A and 14B illustrate another aspect of the invention to provide HVLP pressure 
compliance with an indicator device or a relief valve; 

Fig. 15 is a system schematic for a non-circulating spray system that uses a modular spray gun 
according to the invention; 

Fig. 16 is a system schematic for a circulating spray system using a modular gun of the present 
invention; and 

Fig. 17 is a system schematic for an automatic non-circulating spray system. 

Detaiied Description of the Preferred Embodiments 
With reference to Fig. 1, the present invention contemplates a modular spray gun 10 that can 
be easily configured to operate with a selectable spraying process. The invention contemplates a 
modular spray gun design whereby the gun can operate as an air spray gun, an airless spray gun, an air 
assisted airless (AAA) spray gun or an HVLP spray gun. These processes are intended to be 
exemplary in nature in that other spray processes may be available for incorporation into the modular 
gun concept, for example, an electrostatic spray process. In general, it is within the scope of the 
present invention to provide a modular spray gun design that can be configured to operate as an airless 
gun and as an air spray gun. Those skilled in the art will appreciate, for example, that a AAA spraying 
process is a variation of an airless spray process, and tiiat an HVLP process is a variation of an air 
spray process. Thus, other variations in these spray processes and die incorporation of other spray 
processes such as electrostatics are considered to be within the scope of the present invention. 

Fig. 1 illustrates an embodiment of a manual non-circulating air spray gun 10 that is fully 
assembled but not connected to a fluid supply or an air supply. The basic elements of the modular gun 
10 are an atomizing component 12, a gun body 14 and an extension body 16 which interconnects the 
gun body 14 to tfie atomizing component assembly 12. Those of ordinary skill in die art will appreciate 
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that although the atomizing assembly 12 is referred to herein as a "component", there are a number of 
parts that make up the atomizing component Although the exemplary embodiments herein illustrate 
the extension 16 and the body 14 as two separate pieces, it is also contemplated tfiat in some 
applications it may be desired to have the extension 16 and gun body 14 combined as a single piece. 
Having a single gun body and extension unit would reduce modularity and be a more complicated part 
to manufacture and therefore is considered less preferred than the illustrated embodiments, however, 
such an arrangement would still be able to take advantage of the general modular design concepts to 
provide a spray gun that could be configured to operate with a selectable spray technology. 

The atomizing component 12 includes various components including a nozzle that are used to 
control or shape the fluid spray released from the gun 10, as will be described in detail hereinafter. The 
gun body 14 includes air management features diat facilitate the configuration of a gun for a particular 
spraying process. The air management features include, within the gun body 14, a number of passages 
for atomizing air and horn air when required in a selected air spraying or air assisted spraying process, 
and also selectable air management components for setting up or configuring the gun in one of the 
selectable spraying modes, as will be fijrther described herein. In manual guns, the gun body 14 
includes a handle for gripping and holding the gun during operation. In an automatic gun, the gun 
body 14 includes a control block (such as for a piston control, for example) that can be mounted on a 
robot arm or other apparatus that controls position of the gun during a spraying operation. Finally, the 
extension body 16 provides a fluid passage for feeding fluid to the atomizing component 12, and also 
provides internal atomizing air and horn air passages connected to corresponding passages in the gun 
body 14, as well as access for selecting the appropriate trigger control devices based on the selected 
spraying mode for a particular gun. 

The basic modular components include the atomizing component 12, the gun body 14 
(including the air management components when required) and the extension 16. These components 
permit a spray gun to be configured by simply selecting and installing the appropriate atomization 
component, trigger control and air management components as required. It is contemplated that the 
gun body 14 and the extension 16 as well as some parts of the atomizing component 12 and the air 
management parts be interchangeable modular parts that can be used with all of the available spray gun 
1 0 configurations. This greatly reduces tiie number of parts that must be inventoried for building 
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and/or repairing spray guns such as air spray, AAA, HVLP and airless models. 

By way of example of the modular nature of tiie basic gun components. Fig. 2 illustrates an 
embodiment of a manual non-circulating abless spray gun 18. The airless gun 18 is illustrated fully 
assembled but not connected to a fluid supply. In comparing Figs. 1 and 2 it will be readily noted that 
the same gun body 14 and extension body 16 are used, albeit differently configured with various 
accessory parts as will be described herein. The atomizing component 20 for the airiess gun 1 8 is 
different in some respects from the atomizing component 12 used with the air spray gun 10, however* 
both atomizing component assemblies are still modular in nature because they can be connected to the 
same extension body 16 design. 

Fig. 3 shows the manual air spray gun 10 in an exploded rearward view of its basic modular 
components. The extension 16 and the gun body 14 can be interconnected by the use of standard 
mounting screws 22 that are passed through the corresponding bolt holes 14a in the extension 16 and 
attached to die gun body 14 (also see Fig. 1). The atomizing component 12 includes an air cap 24 and 
a fluid tip 26 as will be fiirther described herein. A threaded retaining ring 28 (Fig. 1) is used to 
securely hold the atomizing component 12 components on the forward threaded end 30 of the extension 
16. In Fig. 3 the extension 16 is illustrated with a fluid fitting 32 installed for connection to a fluid 
supply line. 

The modular spray gun 10 includes a trigger 34 that is used on manual guns to control 
operation of the gun 10. The gun body 14 also includes a downwardly extending handle 36 that 
permits the gun 10 to be hand-held during operation. When the trigger 34 is pressed rearward towards 
the handle 36. the trigger 34 causes an air valve (not shown in Fig. 3) to open and also retracts a needle 
valve (not shown in Fig. 3) to open a fluid orifice or nozzle in the atomizing component 12. In an air 
spray gun, such as illustrated in Fig. 3, the fluid to be sprayed is supplied to the gun at a relatively low 
pressure, and therefore the trigger 34 need not apply much retraction force to the needle valve. 
However, in an airiess gun, tfie fluid to be sprayed is supplied under relatively higher pressure and so 
the trigger 34 must exert greater force to retract the nozzle valve element (in an airiess gun nozzle a 
ball valve tip is used in place of a needle valve) and also possibly a shorter stroke depending on the 
specific nozzle design. Accordingly, the gun body 14 in this exemplary embodiment is provided with 
at least two sets of mounting holes 38, 40 located on opposite sides of the gun body 14 for mounting 
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the trigger 34 to the gun body 14. The upper mounting holes 38 are used for air spray and HVLP guns 
and the like in which the fluid pressure to the atomizing component 12 is relatively low. TTie lower 
mounting holes 40 wre used for guns that will have relatively high fluid pressure such as for example 
an airless gun or a AAA gun. The trigger 34 mcludes a yolk 42 that is secured to either side of the gun 
body 14 by screws 44. Thus, Ae trigger 34 is one element of the modular gun that is configurable. 
Those skilled in the art will appreciate, however, that it may be possible to design a nozzle and trigger 
control for both high and low fluid pressure guns that can use the trigger 34 mounted in a single 
location on the gun body 14. The provision of selectable mounting holes simply increases the 
flexibility of the modular gun design. 

Figs. 4 and 5 illustrate additional features of the gun 10 design configured to operate as an air 
spray gun. The fluid tip 26 provides a centrally disposed orifice or nozzle 46 through which fluid is 
released in a spray pattern. A needle type valve 48 is used to open and close the orifice 46. The needle 
48 is spring biased to a closed position and can be retracted to open the orifice 46 by operation of the 
trigger 34. In Fig. 4 the trigger 34 is only partly shown for clarity of other elements in the drawing. 
The fluid tip 26 is provided with air holes or jets 50 that are located rearward and surround the orifice 
46. The fluid tip 26 may be, for example, part no 325571 available fix)m Nordson Corporation. 
Amherst, Ohio. 

The fluid tip 26 includes an annular tapered peripheral surface 52. The fluid tip 26 is sized to 
be inserted into the air cap 24. n,e air cap 24 is used to direct atomizing air fit>m the air holes 50 in the 
fluid tip 26 into the stream of fluid as the fluid is dischai^ed through die oriflce 46. The air cap 24 
includes an internal tapered surface 54 (Fig. 5) that cooperates with the tapered surface 52 of die fluid 
tip to force atomizing air forward and through an annular passageway 56 that surrounds the orifice 46 
when the air cap 24 and the fluid tip 26 are assembled together (see Figs. 5 and 5A). The air cap 24 
can also be provided with additional air holes 54 which are used to direct horn air mto the atomized 
fluid. Horn air is supplied to the air cap 24 from a horn air fluid passage within the extension 16. Horn 
air passes around the outside of the tapered surfece 52 and into the outer periphery of die air cap 24 to 
the air holes 58. Thus, horn air and atomizing air do not mix within the atomizing component 12. 
Horn air and atomizing air are provided from a single supply air source external the gun but are 
separately routed within the gun, and this separation is accomplished back in the gun body 14 as will be 
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described hereinafter. The extension 16 thus also includes separate horn air and atomizing air fluid 
passages (see Fig. 5) which are in fluid communication with their respective hom and atomizing air 
passages in the gun body when the gun is assembled. The hom air and atomizing air may alternatively 
be separately controlled. 

The retaining ring 28 includes an inwardly extending flange 60 that engages an outer 
peripheral flange 62 (Fig. 4)on the air cap 24. The retaining ring 28 is internally threaded as at 64 for 
threaded engagement with the forward tiireaded end 30 of the extension 16. The retaining ring 28 thus 
securely holds the air cap 24 and the fluid tip 26 together on the extension 16. 

Still referring to Figs. 4 and 5, the extension 16 includes a fluid inlet boss 66 that in this case 
extends downward and is internally threaded to receive a threaded fluid inlet fitting 32. An o-ring face 
seal 68 can be used to provide a fluid tight connection between the fitting 32 and the extension 16. The 
fitting 32 receives at its opposite end 32a a fluid hose that is connected to a supply of fluid that is to be 
sprayed (not shown in Fig. 4). 

A trigger lock 70 is pivotally joined to the handle 36 by a pin 72 that extends through the lock 
70 and a hub 74. When the lock 70 is in the locked position illustrated in Fig. 5, it interferes with and 
prevents rearward movement or actuation of the trigger 34. The lock 70 can be flipped up as shown in 
phantom in Fig. 5 to release the trigger 34 thereby allowing an operator to manually actuate the gun 10. 

Widi reference to Fig. 5, the modular gun body 14, and in this example the handle 36, is 
provided witfi an atomizing air inlet passage 80. The lower end of the handle 36 is adapted to retain an 
air hose fitting 82. The air fitting 82 is threaded into the lower end of the handle 36. A retainer bracket 
84 includes a hex hole 86 (Fig. 4) that slips over a hex body 88 of the fitting 82. The bracket 84 is 
secured to the handle 36 by screws 90. When secured in place, the bracket prevents unmtended 
loosening of the air fitting from the handle 36 by locking the hex 88 against rotation. When the gun 
body 14 is to be used as part of an airiess gun, the air fitting 82 may be omitted and a solid bracket used 
to close off the handle 36 open end. The air fitting 82 arrangement is used for AAA and HVLP guns as 
well. 

The atomizing air inlet passage 80 opens to an air valve chamber 92. An air valve 94 is 
realized in the form of a valve piston 96 mounted on a piston rod 98. The rod 98 extends out of the gun 
body 14 towards the rearward side 34a of the trigger 34. A suitable packing 100 seals the rod 98 to 
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prevent substantial air loss around the rod 98. A valve seat 102 is formed in the gun body 14 and 
defines an outlet port 1 06. The piston 96 carries a valve seal that seats against the valve seat 1 02 to 
close the valve and block air flow through the gun body 14. A spring 104 biases the valve 94 to a 
closed position as shown in Fig. 5. When the trigger 34 is retracted, it pushes the rod 98 rearward 
which moves the piston 96 away fix)m flie outlet port 106. 

Fig. 6 illustrates in an enlarged view the valve piston 96. The piston 96 includes a retaining 
surface 108 with an axial extension 1 10 thereof. An elastomeric seal 1 12 is retained on the valve 
piston 96 so that the seal 1 12 is pressed against the valve seat 102 when the valve 94 is closed. In 
accordance with one aspect of the invention, the seal 1 12 is positioned on the piston 96 before the seal 
material is cured. The seal 1 12 is then cured in situ and thereby becomes strongly bonded to the piston 
96 retaining surface 108. As one example, the seal 1 12 may be Buna N rubber and cured using a 
conventional vulcanization process, with the mold being configured to hold the seal and the piston 96 
in place. Other elastomers may be used for the seal. The piston 96 may be. for example, stainless steel 
or other suitable material. For convenience, the piston rod 98 can be press fit into the piston center 
bore 1 14 after the seal 1 12 is cured to simplify the mold configuration. 

An air valve cap or plate 103 can be used to retain the valve assembly 94 inside the gun body 



14. 



With reference again to Fig. 5 and to Fig. 7, the air valve outlet port 106 is connected to first 
and second air adjust chambers 1 16. 1 1 8 via a conduit 120. The air adjust chambens 1 16, 1 1 8 are used 
as required for adjusting air flow depending on the particular configuration of the spray gun. Thus, in 
general, the air managemem function (for example, horn air, atomizing air and adjustments therefor) is 
realized in the use of the air valve and the air adjust chambers, including additional selectable 
components for the air adjust chambers as will be described herein which are used to configure the gun 
10 for a particular spray process usmg an appropriate air management function. In the air spray gun of 
Fig. 5, atomizing air is provided by a regulated supply of air back at the air source (not shown). 
Therefore, supply air is provided through the air valve 94 as atomizing air that is fed to the first 
adjustmem chamber 1 16 and this chamber is simply plugged with a threaded air tight plug 122 that is 
threadably inserted into the chamber 116. In place of the plug a pressure sensor or indicator could be 
provided. Of course, if desired an adjustment valve (similar to valve 124 described below) could be 
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provided but this typically is not needed because atomizing air is regulated due to its high pressure. 

In the air spray configuration, hom air is also typically used and in this case part of the supply 
air is fed into the second air adjust chamber 1 18 and is used as hom air. Since hom air is typically used 
to adjust the fluid spray pattern, there is occasionally the need to want to adjust the volume of hom air 
flowing to the atomizing component 12. Therefore, an air adjustment valve 124 is provided in the 
second chamber 118. The adjustment valve 124 is simply a threaded valve element 126 that extends 
through the chamber 1 18 and out the back end of the gun body 14. A knob 128 is provided so that an 
operator can adjust the flow ofairthrough the chamber 118. The valve element 126 extends towards a 
port 130. In diis embodiment, the valve element 126 is threadably mounted in the chamber 118. As 
the knob 128 is rotated, the valve element 126 adjusts the amount of air flowing through the chamber 
118 to the atomizing component 12. Note that the valve element 126 can be fully moved to shut off air 
flow through the chamber 1 18 by seating against the port 130. In this manner the operator can control 
and shut off hom air supplied to the atomizing component 12. 

It is noted at this time that for an airless gun configuration the adjustment valve 124 can be 
removed or not used and a second plug used in the second chamber 1 1 8. For AAA guns which use 
atomizmg air and usually not hom air, the adjustment valve 1 18 and the plug 122 are switched in 
position so that the hom air chamber 1 1 8 is plugged and the adjustment valve 124 can be used to adjust 
the atomizing air for the AAA configuration. An HVLP gun typically will use the configuration of Fig. 
7 since it uses hom air. Thus, the gun body 14 can be easily configured to accommodate airless and air 
spray and AAA configurations including hom air and atomizing air adjustments using the same basic 
modular body 14 but selecting which air management components to control the air flow for a selected 
spraying process. 

The first adjustment chamber 1 16 extends through an upper portion of the gun body 14 and 
connects to an atomizing air passage 132 that runs toough die extension 16 to the atomizmg 
component 12; Similarly, the second adjustment chamber 1 1 8 extends through an upper portion of die 
gun body 14 and connects to a hom air passage 134 that runs through die extension 16 to the atomizing 
component 12. The hom air passage 134 and the atomizing ah- passage 132 are isolated from one 
another through the extension 16. Fig. 5 has been drawn to ilhistrate all the fiow passages in a single 
view for ease of explanation and understanding, but those skilled in the art will ^preciate that the 
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passages 132 and 134 would not necessarily be viewed in a single vertical cross-section through the 
extension 16. The horn air and atomizing air passages in the gun body 14 are coupled to the 
corresponding passages in the extension 16 when the gun body 14 and extension 16 am secured 
togedier by the screws 22. 

As noted herein above, fluid is supplied to the extension 16 via an inlet boss 66 that retains a 
suitable fluid inlet fitting 32. The fitting 32 feeds fluid into a fluid chamber 136 which is threaded at a 
fonvard end 139 to receive a threaded end 138 of the fluid tip 26. An o-ring 140 is used to provide a 
fluid tight connection. By this airangement fluid that is to be sprayed is fed into the fluid tip 26 to the 
nozzle orifice 46. 

As described with respect to Fig. 4, a needle valve in the forni of a needle 48 is used to open 
and close the orifice 46. Operation of the needle valve 48 is controlled by the trigger 34 via a packing 
cartridge assembly 142 and a puller 146. The trigger 34 includes at its upper end a connection yolk 
144 (Fig. 3) that interfaces a puller 146. The puller 146 is supported in the gun body 14 and includes 
an adjustment cap 1 50 at a distal end thereof. The forward end of the puller 146 is secured to a wire 
152 that is also secured to the needle 48. The wire 152 extends through the packing cartridge 142 body 
and sealed by a packing 142a. The puller 146 is biased by a spring 1 54 so as to have the needle 48 
close the orifice 46. When the trigger 34 is retracted by the operator, it first engages the air valve stem 
98 and then engages a shoulder 148 on the puller 146. This delay assures that the air valve is opened 
before fluid flows to the atomizing component 12. The trigger 34 thus moves the puller 146 away from 
the atomizing component 12 thus retracting the needle 48 from blocking the orifice 46. Fluid thus 
flows through the fluid tip 26 around the needle 48 to the orifice 46 and is atomized by the high 
pressure air. 

The packing cartridge 142 is received in a bushing 143 that is flireadably retained in a bore 
156 within the extension 16. This bushing 143 retains the cartridge 142 in the extension 16. The 
cartridge 142 includes appropriate seals 158 to prevent fluid fi-om flowing back toward the gun body 
14. A spring 159 is provided to urge die cartridge sealing element 142a forward to maintain a good 
seal against fluid leakage. 

In some cases it is desired to have a fluid flow adjustment fimction for the air spray gun 10. 
This is provided in the exemplary embodiment by a fluid flow adjustment mechanism 160. The fluid 
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flow adjustment mechanism 160 includes a threaded needle 162 having a forward end 164 that extends 
into a bore 166 in the gun body 14. The threaded needle 162 has an opposite end that extends outside 
the gun body 14 and has an adjustment knob 166 thereon. The operator can turn the knob 166 and 
thereby adjust the position of the needle end 164 relative to the puller cap 1 50. The needle end 164 
thus functions as a stop that limits the stroke of the puller thereby limiting how far the needle valve 48 
can be opened. In this manner the flow rate of the fluid through the orifice 46 can be adjusted. 

The trigger 34 operates so as to open the air valve 94 before the fluid atomizing component 12 
is opened. This avoids spitting and non-atomized fluid from being discharged through the orifice 46. 
This can be accomplished easily by providing a small amount of lost motion on the puller 146 until the 
air valve 94 opens, as described hereinabove. In the described embodiment this lost motion is realized 
in the distance the trigger 34 travels between first engaging the air valve stem and then engaging the 
shoulder 148 of the packing cartridge. 

Having described an embodiment of an air spray configured spray gun 10, the same gun can 
be used for HVLP operation. The only changes that are required would be to select an appropriate 
atomizing component 12. An HVLP atomizing component will be very similar to the components 
described herein for the air spray configuration, but the air cap 24 and the fluid tip 26 are modified to 
increase the volume of air, thereby also reducing the pressure of the atomizing air and the horn air to 
less than 10 psi. This can be accomplished, for example, by increasing the number and size of the air 
holes SO, 58. 

For air spray and particularly for HVLP type guns, the fluid tip 26 includes a conical tip 47 
having the nozzle orifice 46 formed therein (also see Fig. 4). Tht cone half angle is preferably selected 
at thhty degrees. This angle produces optimum uniformity in the spray pattern, and reference is made 
to "Optimization Of A Plain Jet Atomizer". Harari & Sher, Journal of Atomization and Sprays, vol. 7, 
pp. 97-1 13, 1997, the entire disclosure of which is fully incorporated herein by reference. 

With reference to Fig. 5A, those of ordinary skill in the art will appreciate that different cone 
angles could be used, however. It is further preferred though not essential that the nominal outside 
diameter "D" of the fluid tip cone 47 at the nozzle orifice 46 be only slightly larger than the tip 47 
inside diameter "Do" at the orifice 46, for example only 0.001 inches. This minimizes the size of the 
flat tip truncated end 47b at the orifice 46.±us significantly improving atomization. Thus, the ideal 
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ratio of Do/D is 1 . This ratio is not practical in manufacturing so D is maintained as Do + 0.001, for 
exanjple. This results in immediate impinganrait of the atomizing air on the fluid stream. 

Fig. 5A illustrates an enlarged view of an exemplary HVLP and/or air spray fluid tip 26 and 
air cap 24 arrangement Fig. 5A shows that the air jets 50 feed atomizing air around the conical tip 47 
to the annulus 56. TTie annulus 56 is formed between the conical tip 47 end and a frusto-conical 
surface 56a in the air cap 24. It is preferred though not essential that the air cap 24 maintain the same 
thirty degree angle about the annulus 56 such that the dimension "t" noted on Fig. 5A is constant 

The tip 47 also is designed to extend past the face plane of tiie air cap 24 in the region of the 
annulus 54 a small amount "L». for example. .020 inches. With the orifice 46 positioned slightly 
downstream of the annulus 56 by this distance L, the atomizing air impinges on the fluid stream from 
the orifice 46 a distance L* where L* is located at the apex of the cone 47 if the cone were not 
truncated. The orifice 46 is formed in the flat face 47b of the tip 47. It is preferred to achieve a ratio 
L/L* of 0 if a minimum SMD (Sauter Mean Diameter) and as a result, a finer spray, is desired. A ratio 
of L/L*=l is desirable for a more uniform distribution of spray droplets. This design generates better 
drop uniformity for smaller fluid tips, i.e. lower fluid flow rates, which atomize more easily, and 
minimum drop size for the larger fluid tips, i.e. higher flow rates. The ratio L/L* approaches 0 as the 
dimension L approaches 0; however, a minimum L is needed to prevent back pressure on the fluid 
stream. The ratio L/L* ^preaches 1 as L approaches L*. 

As noted herein vritia reference to Fig. 2, a modular spray gun configured to operate as an 
airiess spray gun in accordance with the invention uses many of the same parts as are used with the air 
spray and HVLP guns of Figs. 1 and 5. Specifically, an airless spray gun can use the same extension 
1 6, the same gun body 14 and the same trigger 34 and retainmg ring 28. With reference to Fig. 5, in 
order to configure the spray gun for airless operation, the air fitting 82 is removed or simply not 
installed, and a solid cover bracket 84' is used to close tiie handle 36 open end. Since air is not used in 
an airiess gun, the adjustment chambers 1 16, 1 1 8 are not used and therefore can be plugged using two 
plugs similar to the plug 122. Finally, since the airiess gun operates with higher fluid pressure into the 
atomizing component 12, the trigger 34 is mounted to the gun body 14 using the lower mounting holes 
40 (see Fig. 3). The air valve 94 assembly can either be removed or not installed as it is not used and 
the cap 103 used to cover the air valve chamber 92. 
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An airless gun uses a different atomizing component 12 design also. Since air is not used to 
atomize the fluid, the fluid is forced through a small oriflce and atomizes as it exits the orifice. 
Therefore, in order to configure Ae spray gun as an airless gun, tfie fluid tip must be designed for 
airless spraying. The retaining ring 28 can still be used, as can the air cap 24 although for an airless 
gun the air cap 24 does not provide a needed function. 

Fig. 8 illustrates a fluid tip 170 suitable for use with an airless spray gun configuration. The 
basic profile of the tip 170 can be tfie same as the air spray fluid tip 26 and includes a threaded portion 
172 that can be threaded into the extension 16 tip bore 139. A groove 174 is provided to retain the seal 
o-ring 140. 

In accordance with another aspect of the invention, the airless fluid tip 170 is provided with a 
counterbore 1 76 that also forms the outlet orifice 1 80. A hard seat 1 78 is inserted into the counterbdre 
176 and retained therein. In this exemplary embodiment the seat 178 is press fit into the counterbore 
176 however other retaining techniques could be used. It is preferred to minimize the gap between the 
end of the seat 1 78 and the outlet end of the fluid tip at the orifice 1 80. 

It is noted at this time that in order to reduce costs of manufacture and reduce weight of the 
hand held guns, it is preferred to make the gun body 14, the extension 16 and the atomizing component 
12 components from a high strength plastic material such as nylon or acetal or any other solvent 
resistant material to name a few examples. 

The fluid tip 26 may be made, for example, of nylon for air spray applications, and PEEK 
(polyetheretherketone) for airless applications. The air cap 24 can be made, for example, from any 
polyamide, polyamidimide or PEEK. 

When the atomizing component 12, and especially the fluid tip 170, Is made out of plastic 
however, high fluid pressure used in airless and AAA guns may tend to wear the material in the area of 
the orifice 180. In accordance with another aspect of the invention, the seat 178 is preferably made of a 
material that is substantially harder than the material of the fluid tip 170. In the exemplary 
embodiment, the seat 1 78 is made of carbide. Other materials such as hardened stainless steel and 
sapphire for example could be used. For non-abrasive fluid applications, hard plastics such as PEEK 
could be used for the seat 178. 

High pressure fluid is released from the orifice 1 80 but substantially only contacts the haixl 
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seat 178. thereby avoiding excessive wear of the fluid tip 170. TTiere is no specific need for the carbide 
seat 178 in an air spray or HVLP configured gun because the fluid pressures are too low to cause 
excessive wear of the atomizing componoit 12. 

The fluid tip of Fig. 8 can also be used for spray guns configured as AAA guns. An air 
assisted au-Iess gun is very similar to an airless gun, but also uses atomizing air to further atomize the 
fluid. Accordingly, the fluid tip 170 of Fig. 8 includes a series of atomizing air jets 179 disposed about 
the orifice 1 80, in manner that can be but need not be the same as the atomizing air holes 50 in Fig. 4. 
For AAA guns then, an air cap 24 will also be used to direct the atomizing air to the annulus around the 
orifice 180. 

Because the airless and AAA fluid tip 170 has a smaller orifice 180 as compared to the orifice 
46 for air spray and HVLP nozzles, a needle valve is not as well suited for closing the orifice 1 80. Fig. 
9 illustrates an embodiment of a AAA configured spray gun 190. The similarities in basic modular 
parts to the air spray and HVLP guns are readily apparent and like reference numerals are used to 
designate like parts. However, in order to control flow of the high pressure fluid to the atomizing 
component 12, a ball valve 192 is used to close the orifice 180 by seating against the carbide seat 1 78. 
The ball valve 192 is connected to the wire 152 of the puller 146. The packing cartridge 142. puller 
146 and trigger control can be substantially the same as already described with respect to the air spray 
gun 10. 

Fig. 9A illustrates an embodiment of a modular spray gun configured to operate as an airless 
spray gun as previously described herein. The airless gun is very similar to the AAA gun of Fig. 9 
except that there is no provision for an air supply. Note that Fig. 9 shows clearer detail of the 
atomizing component 12 for the airless and AAA versions. A seal 400 such as made of PEEK or 
nylon is placed adjacent the fluid tip 170 forward face 176a. This seal 400 prevents the high pressure 
fluid from back flowing into the extension 16. The seal 400 can be provided with an optional pre- 
orifice, pre-atomizing device 404 such as a sapphire or carbide insert. The seal and the pre-orifice can 
alternatively be made from a single piece of carbide or other material. The atomizing componem for 
the airless and AAA gun. forther includes a holder 406 that is captured between the air cap 24 and the 
fluid tip 26. For a AAA gun, the holder 406 includes suitable recesses or passageways (not shown) that 
permit atomizing air from the air jets 50 to pass through to an annulus that surrounds the carbide nozzle 
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408. In an airless or AAA gun. the fluid tip 26 does not atomize the fluid, but rather the fluid is forced 
under high pressure first through the carbide seat 178, the optional pre-orifice 404 and then a carbide 
nozzle 408. The carbide nozzle 408 is formed with a suitable orifice through which the high pressure 
fluid is forced and thus achieves the final atomization for the airless gun, with atomizing air also being 
used for a AAA gun. The pre-orifice 404 is used to create turbulence in the fluid stream before it 
enters the nozzle 408, thus improving atomization for some types of fluids. 

The AAA configured gun 190 is equipped for atomizing air the same way that the air spray 
gun 10 is equipped and thus includes the air fitting 82 and the air valve 94. However, the AAA gun 
190 uses only atomizing air, not horn air. Accordingly, as illustrated in Fig. 10, the first air adjustment 
chamber 1 16 is equipped widi the adjustment valve 124 to adjust atomizing air flow into the atomizing 
air flow passage 1 32 as previously described herein. The second air adjustment chamber 1 1 8 is 
plugged with the air plug 122. Note that the air plug 122 extends to block the port 130 thus blocking 
all air to the horn air passage 134. 

The present invention also contemplates a modular spray gun concept for automatic guns. By 
automatic is simply meant that the guns are controlled and actuated other than by a manually actuated 
trigger mechanism. Fig. 1 1 illustrates an assembled non-circulating automatic air spray gun 200. The 
automatic air spray gun shares many modular parts with the manual gun of Fig. I including the 
atomizing component 12 and the extension 16. However, the gun body 14 has been replaced by a 
modular control block body 202. In this embodiment, the control block is realized in the form of a 
control piston block. The control block 202 includes separate air inlet fittings for horn air 204 and 
atomizing air 206, A bolt 208 can be used to mount the gun body 202 on a robot arm or other 
apparatus that is used to position the gun at a desired location or to control its movement 

Fig. 12 illustrates the automatic air spray gun in vertical cross-section. It is readily apparent 
that the extension 16 and the atomizing component 12 can be substantially the same as those modular 
parts used for the manual gun. The control block 202 is different fit>m the modular gun body 14, 
however. Since there are separate controlled and automatically regulated inputs for tfie horn air and 
atomizing air, there is no need for an air valve nor for the air adjustment chambers. The horn air fitting 
204 is in fluid communication with the horn air passage 134 and the atomizing afa- fitting is in fluid 
communication with the atomizing air passage 132. 



BNSDOCID: <WO_0023196A^JL> 



Wp 00/23196 



PCT/US99/24165 



-18- 



Since there is no manual trigger, a different puller mechanism is used. The needle valve 48 is 
still actuated by pulling on a wire connected to the needle, as in the manual gun 10. however, the wire 
152 is securely connected to a connecting rod 210. This nxl 210 extends reanvarf through the control 
body 202 to an enlarged cup end 212. The connecting rod 210 is fixed to a control piston 214 that is 
mounted for sliding axial movement within a bore 216. The piston 214 is biased by a spring 218 to a 
closed position as illustrated in Fig. 12. 

A trigger air inlet fitting 220 provides pressurized trigger air to a trigger air conduit 222. llie 
conduit 222 opens to the valve bore 216 on the side of the piston 214 opposite the bias spring 218. An 
o-ring seal 224 maintains fluid tight isolation between the portions of the bore 216 on either side of the 
piston 214. When trigger air is supplied to the inlet 220. the piston 224 is moved backwards against the 
force of the spring 218. moving the connecting rod 210 and the needle 48 with it. and thus the needle 
valve for the atomizing component 12 opens the orifice 46. When the trigger air is removed the 
atomizing component 12 closes due to the spring 21 8 returning the piston 214 to the closed position of 
Fig. 12. 

A fluid flow adjustmem device 226 is provided if required. This device 226 is a threaded 
needle 228 that can be turned by turning an adjustment knob 230. When the needle 230 is turned its 
distal tip 232 can be positioned so as to limit the distance that the connecting rod 212 can be retracted, 
with the needle tip 232 acting as a stop. 

In order to have the atomizing air flowing before the atomizing component 12 is open for fluid 
flow, a small gap 234 is provided between a rearward surface 214a of the piston 214 and the forward 
flange surface 2 12a of the cup 2 12. This gap 234 provides a lost motion between initial movement of 
the piston 214 in response to the trigger air and movement of the connecting rod 210 in order to delay 
to opening the atomizing component 12 until tiie atomizing air is flowing. Thus if trigger air and 
atomizing air are applied to the gun at the same time tiiere will be a momentary delay until fluid begins 
to flow fh)m the atomizing component 12. A second spring 236 is used to bias the connecting rod 210 
to a closed position (as in Fig. 12). 

As with the manual embodiments, tije automatic air spray gun 200 is the same configuration 
as used for an HVLP automatic gun with the only required change being to select tiie appropriate 
atomizing component 12 to effect HVLP operation. 
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Although not shown in the drawings, the automatic air spray gun 200 can easily be re- 
configured to operate as an automatic airless gun or a AAA gun. For an airless automatic gun, the air 
fittings 204, 206 can be removed and the corresponding ports plugged. The atomizing component 12 is 
also selected for an airless operation as previously described, and the needle valve 48 changed to a ball 
valve, for example. For an automatic AAA gun, the atomizing air fitting 206 is used but the horn air 
fitting 204 can be removed. These simple configuration changes are all that is needed to use the 
modular control block 202 and the extension 16 and atomizing component 12 with any of the spraying 
processes described herein. 

Fig. 13 illustrates another aspect of the present invention. In some applications, such as 
heated fluids, it is desirable to re-circulate the fluid particularly when the gun is idle. This can help to 
prevent the fluid heaters from caking up or clogging. In order to accommodate this function, the 
modular extension 16 can be modified as a circulating version 16' to include an additional fluid port. 
Thus there is an inlet fluid port 240 and an outlet fluid port 242 although the reference to inlet and 
outlet are arbitrary. Either port could serve as the inlet port. These ports are both in fluid 
communication with the fluid chamber 136 inside the extension 16. Whenever the atomizmg 
component 12 is closed, the fluid simply re-circulates back to the fluid source. In all other respects the 
circulating extension 16' may be the same as the non-circulating extension 16. Of course, the 
circulating extension 16' can be used with any of the spray gun configurations described herein. 

Also, the modular gun body 14 can be provided with a hook extension 244 for hanging the 
gun 10 when not in use. 

For HVLP guns it may be desirable in some cases to provide an indication if the gun is out of 
compliance with the less than 10 psi rating requirement. In accordance with another aspect of the 
invention, the modular gun designs herein, particularly the manual HVLP guns, can be easily modified 
to include such a feature. Figs. 14A and 14B show two embodiments. In Fig. 14A, a direct visual 
compliance indicator mechanism 250 is provided. This mechanism 250 can be installed, for example, 
as an option into the otherwise plugged first air adjustment chamber 1 16 of Fig. 7 (in this example the 
mechanism 250 is being used with a air spray configured gun). 

The compliance indicator mechanism 250 includes a plug body 252 that is direaded into the 
chamber 1 16. O-ring seals 254 can be used to seal tfie body 252 within the chamber 116. An indicator 
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stem 256 is disposed for axial sliding movement within a central bore 258 in the plug 252. The stem 
256 includes an enlarged head 260 and a bias spring 262 is positioned between the head 260 and a 
counterbore 264. The spring 262 biases the stem 256 inward into the gun body 14. A forward face 266 
of the stem 256 is exposed to the pressurized air within tiie air passage 1 1 6. If this pressure reaches 10 
psi or greater, the stem 256 is displaced against the force of the spring 262 and an indicator tip 268 that 
is attached to the stem 256 pops out of the gun body 14 (shown in phantom in Fig. 14 A). If die 
pressure drops back to within compliance the spring 262 returns the stem 256 to the retracted position 
within the gun body 14 (as in Fig. 14A). 

Fig, 14B is a variation in the form of a relief valve 270, In this embodiment, the plug body 
252 is axially shorter and telescopes into a retainer sleeve 272. A pressure relief ball 274 is sized to 
slide within the sleeve 272. The ball 274 has a forward portion 276 that seals the port 130. The ball 
274 is biased to the closed position of Fig. MB by a spring 278. When the pressure in the passage 1 16 
reaches 10 psi or higher the relief ball 274 is pushed rearward. Pressure is then relieved through vent 
holes 280. When the pressure returns to less than 10 psi the ball re-seats and seals the port 130 under 
force of the spring 278. 

Fig. 15 is a schematic illustration of a typical spray system 300 using a modular non- 
circulating air spray gun 10 in accordance with the invention. The system 300 includes a main air 
supply 302 that feeds into a first air filter 304 and through a regulator 306 to an air line 308 that is 
connected to the atomizing air inlet fitting 84 (Fig. 4). Main air 302 is also fed to a second air filter 
3 1 0, regulator 3 12 and a lubricator 314.. This air is used for an air driven pump 3 1 6 such as pump no. 
166476 available from Nordson Corporation. The pump 316 draws up fluid to be sprayed through a 
siphon line 3 1 8. The fluid can be heated as required with a heater 320 and again filtered at 322 before 
being fed into the extension 16 at the fluid inlet fitting 32 (Fig. 4). Fig. 16 is similar to Fig. 15 but for a 
circulating spray gun. In this embodiment, the extension 16' includes the inlet and outlet ports 240, 
242 (Fig. 13) with the outlet port being connected to a fluid return line 324. In this arrangement the 
fluid is re-circulated while the gun 10 is idle. 

Fig. 17 illustrates an automatic spray system for a modular automatic air sprayer in 
accordance with the invention. The atomizing air and fluid are provided to the gun 190 in a manner 
similar to Fig. 15. In addition, filtered and regulated horn air is provided to the horn air fitting 204 
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(Fig. 1 1) through air line 326. The trigger air is supplied through an air line 328 to the trigger air fitting 
.220 (Fig. 12). Atomizing air, horn air and trigger air, and fluid flow, can be controlled via a suitable 
controller 350 such as PT 5056 (airless) or a PT 5030 (air spray) available from Nordson Coiporation. 

Note that in Fig. 2 a rigid fluid tube connection 290 is shown connected to the fluid fitting 32 
as is sometimes used in airless and AAA spraying applications. 

The invention has been described with reference to the preferred embodiment Obviously, 
modifications and alterations will occur to others upon a reading and understanding of tiiis 
specification. It is intended to include all such modifications and alterations insofar as they come 
within the scope of the appended claims or the equivalents thereof. 
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CLAIMS 

Having thus described the invention, it is claimed: 

1 . A modular fluid spray gun that can be configured for a plurality of spraying 
techniques, comprising: 

a gun body; an extension; and a selectable spray atomizing component that can be connected 
and disconnected from a forward end of said extension; said gun body having at least one air passage 
therein; said air passage being connectable at an inlet end to an atomizing air supply and at another end 
to said atomizing component through said extension; a fluid passage in said extension; said fluid 
passage being connectable at a fluid inlet end to a fluid supply and at another end to said atomizing 
component; wherein said spray atomizing component can be selected to configure the gun as an airless 
spray gun and as an air spray gun. 

2. The apparatus of claim I wherein said spray atomizing component can be selected to 
configure the gun as an air assisted airless spray gun. 

3. The apparatus of claim 2 wherein said spray nozzle can be selected to configure the 
gun as an HVLP air spray gun. 

4. The apparatus of claim 1 wherein said extension can be connected and disconnected 
from said gun body and when disconnected permits a nozzle control mechanism to be configured. 

5. The apparatus of claim 4 wherein said extension can be selected to configure the gun 
as a fluid circulating and a non-circulating gun. 

6. The apparatus of claim 1 wherein said gun body comprises a handle having a portion 
of said air passage therein, said handle being connectable to said air supply when the gun operates with 
air. 

7. The apparatus of claim 1 wherein said gun body comprises a trigger that controls air 
flow and fluid flow to said spray atomizing component; said trigger being selectable to operate the gun 
using high and low fluid pressures. 

8. The apparatus of claim 1 comprising a configurable air management apparatus for 
configuring the gun to operate with selectable air sources. 

9. The apparatus of claim 1 wherein said gun body can be selected to configure the gun 
as a manually operated gun and as an automatic gun. 
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1 0. The apparatus of claim 9 wherein said gun body comprises a handle and trigger for 
manual operation of the gim. 

1 1 . The apparatus of claim 9 wherein said gun body comprises a control block assembly 
for automatic operation of the gun. 

12. A valve seal comprising: 

a valve stem having a valve seal retaining surface formed therein; and 
an elastomeric valve seal that is secured to said retaining surface by being cured in place on 
said valve stem. 

13. A method for making a valve seal, comprising the steps of: 
forming a valve retaining surface on a valve stem; 

positioning an uncured elastomeric seal on said retaining surface; and 
curing said seal in place to bond said seal to said retaining surface. 

14. A pressure indicator for an air spray fluid spray gun, comprising: 

a fluid spray gun body having an air passage therein for connecting atomizing air to a spray 

nozzle; 

and an air pressure indicator device in said gun body that provides a visual indication of air 
pressure in the nozzle. 

1 5. The device of claim 14 wherein said indicator comprises an indicator stem that shifts 
position in response to air pressure in said nozzle reaching a predetermined value. 

1 6. The device of claim 1 5 wherein said stem extends out of said gun body when air 
pressure in said nozzle reaches said predetermined value and remains within said gun body when said 
air pressure is less than said predetermined value. 

1 7. A fluid tip assembly for a high pressure fluid nozzle in a spray gun, comprising: 
a spray gun having a spray atomizing component through which high pressure fluid is 

released; 

a fluid tip in said spray atomizing component through which high pressure fluid passes; 
said fluid tip comprising non-metallic material; and 

a seat disposed in said fluid tip and having an orifice therein through which high pressure fluid 
passes; said seat being substantially harder than said non-metallic material to reduce wear at said 
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orifice from the high pressure fluid. 

1 8. The device of claim 1 7 wherein said seat comprises carbide. 

1 9. The device of claim 1 7 wherem said seat is press fit into said fluid tip. 

20. In a fluid spray gun of the type having a spray atomizing component through which 
high pressure fluid is released, the improvement comprising: 

a fluid tip in said spray atomizing component and having an orifice therein through which 
high pressure fluid passes; 

said fluid tip comprising non-metallic material; and 

an orifice insert that is substantially harder than said non-metallic material to reduce wear at 
said oriflce from the high pressure fluid. 

21. A modular fluid spray gun that can be configured for a plurality of spraying 
processes, comprising: 

a gun body; an extension; and a selectable spray atomizing component that can be connected 
and disconnected from a forward end of said extension; said gun body having first and second air 
control chambers for selectively controlling horn air and atomizing air. 

22. The apparatus of claim 2 1 wherein said chambers can be plugged for airless 
operation. 

23 . The apparatus of claim 2 1 wherein either chamber includes a pressure indicator or 
relief valve. 

24. In a fluid spray gun of the type having a spray atomizing component through which 
fluid is released, the improvement comprising: 

a fluid tip in said spray atomizing component and having an orifice dierein through which a 
fluid stream passes; 

said fluid tip comprising a conical portion with said orifice near the apex of the cone; 
and an air cap that with the fluid tip directs air into the fluid stream downstream of the orifice; 
said air cap defining an annular air passage about said conical portion and that is spaced 
upstream from said orifice. 

25. The device of claim 24 wherein said cone half angle is thirty degrees. 
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26. The device of claim 24 wherein said annulus has a constant dimension "t" about said 

orifice. 
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